Luteolin (LU) is considered as one of the most important flavonoids with many beneficial functions to human health. In our present study, an efficient, convenient and reproducible extraction method of LU extracted from Eclipta prostrata by ultrasound assisted microwave extraction (UAME) was established. The extraction process of LU using UAME was optimized according to single factor test and orthogonal design, and the optimum parameters were obtained as follows: the ratio of 80% ethanol, hydrochloric acid and plant material: 50: 0.3: 1 (v/v/w), microwave power: 40 W, extracting time: 3 × 3 min. The extraction yield of LU was 0.690 mg/g under the optimum conditions, compared with heat reflux extraction (HRE) and reflux acid extraction (RAE) in terms of extraction yield, time consumption and labor intensiveness, indicating that the UAME was more efficient than RE and RAE. In conclusion, UAME could markedly reduce extraction time and simplify the extraction process of LU from E. prostrata.
INTRODUCTION
Eclipta prostrata L. (Asteraceae) is one of the oldest tonic herbs in traditional Chinese medicine. Its aerial parts have been extensively used in China, Korea, India and Thailand for tonifying the liver and kidney, promoting the growth of hair, resisting hyperlipidemia, improving antioxidant and treating snake venom poisoning (Pithayanukul et al., 2004; Kumari et al., 2006; Roy et al., 2007; Kim et al., 2008; PCCn, 2010) . Chemical constituent investigation indicates that E. prostrata is rich in flavonoids accounting for the beneficial functions on the human health (Zhang et al., 1997; Wang et al., 2009) .
Among the flavonoids in E. prostrata, luteolin (LU, Chemical structure shown in Figure 1a ) is the main flavones possessing a wide spectrum of pharmacological properties including anti-amnesic (Liu et al., 2009) , anti-tumorigenic (Lee et al., 2006; Samy et al., 2006; Du et al., 2008) , anti-hepatotoxic (Domitrović et al., 2009) , anti-*Corresponding author. E-mail: jinzhongfj@126.com. Tel: +86 591-22861611. osteoporotic (Choi, 2007) , anti-proliferative (Hou et al., 2009) , anti-inflammatory (Choi, 2007; Leemans et al., 2010) and antioxidant activities (Horváthová et al., 2005; Ashokkumar et al., 2008) . Thus, it prompted us to investigate the extraction technology of LU from E. prostrata previously.
Plant cell walls consist of cellulose, hemi-cellulose and pectin, which represent the barrier for the release of intracellular substances (Dong, 2010a) . It was reported that the method of heat reflux extraction (HRE) has been used to extract LU from Herba Ecliptae associated with such undesirable traits as low yield, time consumption and labor intensiveness (Yang et al., 2008) . Recently, Ultrasound assisted microwave extraction (UAME) has been used as an effective method to extract chemical constituents from plant materials , which could accelerate the extracting process and improve the release of bioactive compounds (Martino et al., 2006; Fang et al., 2008; Golmakani and Rezaei, 2008; ). On the other hand, ultrasound can facilitate the solvation of plant materials by causing cell swelling and enlarging pores of the cell wall. Better swelling could improve the rate of mass transfer, resulting in the increased extraction efficiency and reduced extraction time (Dong, 2010b) . Also, microwave extraction can heat the extracts quickly and accelerate the extraction process for adsorption and desorption of the targeted compounds from matrix but nevertheless, with the concomitant disadvantage of inhomogeneous heating (Bonrath, 2004) .
This deficiency can be complemented by coupling microwave extraction with ultrasound . Moreover, flavonoids are always occurring in combination with glucoses as glucosides with glucosidic linkages. When the glucosidic linkages were broken, free flavonoids were released (Fu et al., 2008) . In order to obtain more free flavonoids, acids such as hydrochloric acid, sulphuric acid and perchloric acid are usually used to break the glucosidic linkages (Dong, 2010c) .
The objective of the present study was to investigate the effect of ultrasound assisted microwave on the extraction of LU from E. prostrata. Several parameters affecting UAME of LU, that is, types of solvent, ratio of hydrochloric acid to solvent, ratio of solvent to material, microwave power and extraction time were optimized according to single factor test and orthogonal design. Ultimately, to better understand the advantages of UAME, we also compared it with heat reflux extraction (HRE) and reflux acid extraction (RAE) methods.
MATERIALS AND METHODS

Plant
The herb of E. prostrata was purchased from Tianren Pharmaceutical Company (Fujian, China) and identified as the aerial parts of E. prostrata by Cheng-Zi Yang, Department of Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou, China. Then, voucher specimen was deposited in the herbarium of Academy of Integrative Medicine, Fujian University of Traditional Chinese Medicine, Fuzhou, China. Samples were dried in vacuum oven at 40°C, then ground and sieved for homogenization (40 mesh). The ground samples were kept in a dry place prior to use.
Chemicals and reagents
Luteolin (LU, 3',4',5,7-tetrahydroxyflavone) standard was purchased from the Chengdu Mansite Pharmacetical Co. Ltd. (Sichuan, China) with a purity > 98%. The standard was dissolved in methanol to obtain the stock solution at concentration of 0.2 mg/mL for LU. Methanol of High-performance liquid chromatography (HPLC) grade was purchased from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China). Ethanol, methanol, sodium hydroxide and hydrochloric acid (12 mol/L) of analytical grade were obtained from Fuchen Chemicals Reagent Factory (Tianjin, China). Deionized water was purified by a Milli-Q water-purification system from Millipore (Bedford, MA, USA). 45:55, v/v) , which was filtered through a 0.45 μm membrane filter and then deaerated ultrasonically prior to use. The flow rate was 1 mL/min, the injection volume was 10 μL, the column temperature was maintained at 30°C and the retention time for LU was 11.5 min. Chromatographic peaks of LU was confirmed by comparing their retention time and UV spectrum with the reference compound. The working calibration curve based on reference compound of LU showed good linearity over the range of 10 to 200 µg/mL. The regression line was Y = 14630X -630.14 (R 2 = 0.9998, n = 7), where Y is the peak area of analysis, and X is the concentration of reference compound (µg/mL).
Instrument and analytical conditions
Different extraction methods
Optimums of the extraction parameters of UAME
According to LU yield of the extraction from E. prostrata, the optimum extraction parameters of UAME were investigated. The ultrasonic and microwave extracting apparatus was used to extract LU from E. prostrata: the sample (about 2 g) was transferred into the flask, proper volume (assigned according to the experiment planning) of the extraction solvent added and then the flask was transferred into the chamber of the apparatus connected with a condensing tube. Finally, the door of chamber was closed and the program of the parameters (microwave power and extraction time) was set according to the experimental design. After the process was finished, the flask was removed from apparatus. The mixture was filtered through filter paper immediately and evaporated to dryness by removing the solvent in a rotary evaporator (RE-52, Shanghai splendor and biochemical instrument Co., China) at 40°C under reduced pressure.
If the solvent containing hydrochloric acid was used to extract, the extracts were neutralized by sodium hydroxide solution (5 mol/L) before the solvent evaporation. After cooling, the extract dissolved in methanol was transferred to a 10 mL volumetric flask and diluted with methanol to volume. The obtained sample solution was then passed through a 0.45 µm Millipore membrane prior to HPLC analysis.
Single factor and orthogonal experiments were performed to optimize the extraction condition of LU from E. prostrata using UMAE. Firstly, the effects of solvent type (water/methanol/ethanol), ethanol concentration (20 to 100% v/v), ratio of hydrochloric acid (12 mol/L) to solvent (0.006 to 0.024 v/v), ratio of solvent to material (20:1 to 50:1 v/w), microwave power (10 to 50 W) and extraction time (120 to 360 s) on the extraction yield of LU from E. prostrata were investigated, respectively. Secondly, an orthogonal test was designed to optimize the extraction parameters depending on the results of the single factor experiments. The factors and levels tested in this study were presented in Social Sciences (SPSS) 18.0 was used to calculate the result of variance analysis (Table 3) .
Comparison of luteolin yields extracted from E. prostrata by UAME, HRE and RAE
The HRE method was widely used in the field of medicine, food and light industry. However, HRE, which is due to using a large volume of a solvent and spending a lot of time, may gradually be substituted by some modern extraction methods, such as ultrasonic and microwave, supercritical fluid extraction, and so on. In our paper, UAME, HRE, and RAE were used to extract LU from E. prostrata, respectively. Each test was two repeats and the result of LU yield was an average of two times. To enhance LU yield, hydrochloric acid was added to the solvent of extraction. HRE was done such that the extracts mixed with hydrochloric acid after the extraction of LU from E. prostrata. Both UAME and RAE were done such that the prostrata. All of their procedures were as follows.
UAME
The powder of E. prostrata (about 2 g) was mixed with 100 mL of 80% ethanol containing 0.6 mL hydrochloric acid (12 mol/L) at 40 W for 3 min in each extraction cycle (Table 4 ). The procedure of extraction was the same as "Optimums of the extraction parameters of UMAE" instruction in this paper.
HRE
The powder of E. prostrasta (about 2 g) was mixed with 150 mL of 80% ethanol, and loaded into a flask equipped with a water condenser tube. The extraction solvents were boiled (80 ± 2°C) and refluxed for a period of 120 min. Extraction was repeated twice and the total solvent amount was 300 mL. The combined extracts were filtered through filter paper. Afterwards, the filtrate was hydrolyzed by 1.8 mL hydrochloric acid (12 mol/L) in a water-bath (80 ± 2°C) for 1 h and neutralized by sodium hydroxide solution (5 mol/L) then the same procedures were adopted as described in the UAME.
RAE
The powder of E. prostrata (about 2 g) was mixed with 300 mL of 80% ethanol containing 1.8 mL hydrochloric acid (12 mol/L), and was placed into a flask equipped with a water condenser tube. The extraction solvents were boiled (80 ± 2°C). Three samples were repeated in Table 4 . Their reflux times were 30, 60 and 120 min, respectively. After that, the same procedures were adopted as described in UAME.
RESULTS AND DISCUSSION
Chromatographic results
Identification of the LU was carried out by comparing its retention time and on-line UV spectrum. As shown in Figure 1a , the chromatograms of standard showed the standard substance with retention time of 11.5 min for LU. In Figure 1b , the chromatograms of E. prostrata extracts by UAME (Figure 1b1 ), HRE ( Figure 1b2 ) and RAE ( Figure 1b3 ) were presented. These results indicated that different extraction methods possessed similar chromatographic characteristic and contained the standard substance of LU.
Effects of extraction variables on extraction yield of LU
Selection of solvent
The extraction follows the principle of "like dissolves like". Low polarity solvent yields more lipophilic components, while alcoholic solvent gives a larger spectrum of apolar and polar compounds (Stecher et al., 2003) . LU possesses a planar structure and has the molecular close packing, so its solution in water is little (Dong, 2010d). However, LU has four phenol hydroxyls, it shows certain polar degree. Therefore, water, methanol and ethanol were used to extract LU from E. prostrata in this study. Under the same extraction conditions, five different extraction solvents that is, water, methanol, 80% methanol, ethanol and 80% ethanol exhibited different efficiency on the extraction yield of the objective constituent as shown in Figure 2 , which might be mainly due to their different polarity. According to the result, the yield of LU extracted by different extraction solvents followed this order: 80% ethanol > 80% methanol ≈ methanol > ethanol > water. 80% ethanol was found to be the best extraction solvent with the highest yield of 0.53 mg/g. Therefore, it was chosen as the extraction solvent.
In order to gain the optimized extraction aqueous ethanol solvent, the effects of different concentrations of ethanol on the extraction yield of LU was investigated. As shown in Figure 3 , when the ethanol content is less than 80%, the yield of LU increased with increased ethanol content. However, absolute ethanol did not show the highest yield and 80% ethanol was verified to be the optimized extraction solvent with the highest extraction yield of LU (0.53 mg/g). This is probably due to the solvent-solute affinity and the effective swelling of the plant material by the solvent, which can increase the surface area for solute-solvent contact (Li et al., 2004) .
Ratio of hydrochloric acid to aqueous ethanol
Hydrochloric acid can facilitate the release of flavonoids by breaking the hydrogen bonding interactions and glucosidic linkages (Dong, 2010c) . Thus, the effect of ratio of hydrochloric acid (12 mol/L) to solvent (v/v) on the extraction yield of LU was investigated in our present study. As shown in Figure 4 , the extraction yield increased when ratio of hydrochloric acid to solvent ranged from 0 to 0.006 (v/v), then became fairly constant when ratio of hydrochloric acid to solvent was above 0.006 (v/v). Hence, the ratio of hydrochloric acid to solvent was set at 0.006 (v/v).
Ratio of aqueous ethanol to material
Generally, a larger solvent volume can dissolve target components more effectively leading to an improvement of the extraction yield. However, this will lead to excess work in the concentration process, resulting in the unnecessary waste of solvent and time. To obtain the optimum volume of extraction solvent, we observed the effect of ratio of solvent to material (v/w) on the extraction yield of LU. As presented in Figure 5 , the result indicated that ratio of solvent to material (50:1) should be suitable for the extraction of LU from E. prostrata.
Extraction time
Extraction time is another important factor in extraction procedures. Before the establishment of the equilibrium between the objective constituents in and out the plant cells, the yield of extraction increases with time. However, it will not increase with time after the establishment of the equilibrium (Fang et al., 2008) . Figure 6 shows the effect of extraction time on the extraction efficiency of LU. The extraction yield of LU slightly increased when the extraction time was extended from 120 to 300 s, and it decreased along with time when the extraction time was longer than 300 s. This may be due to ionization, hydrolysis and oxidation during extraction with increasing the extraction time (Li et al., 2005) . Therefore, longer time of extraction is unnecessary after the maximum extraction yield is achieved.
Microwave power
The samples of E. prostrata were extracted for 180 s with different extraction power, respectively. efficiency of LU. As shown in Figure 7 , the extraction yield increased with increased microwave power from 10 to 40 W. This may be ascribed with the acoustic cavitation bubble size increase with increasing acoustic power (Adam et al., 2009) . However, when the extraction power was set above 40 W, the extraction yield starts to decrease. This suggests that a relatively stronger acoustic power was crucial to the chemical structures of components, leading to a lower extraction yield because the cavitation causes a great deal of noise and damage to components (Durmus et al., 2008) .
Orthogonal experiment
Based on the above results from single factor experiments, an orthogonal experiment (L 16 ( 4 5 )) of UAME of LU was designed in order to optimize the combination of parameters. Four factors, ethanol concentration, ratio of solvent to material, microwave power and extraction time were selected for optimization (Table 1) . For four factors at four levels each, the orthogonal test design required only 16 experiments while the traditional full factorial design would require 256 experiments. The results of orthogonal experiment and extreme difference analysis were presented in Table 2 , and the result of variance analysis calculated by the statistical software SPSS 18.0 is listed in Table 3 .
The analysis of extreme difference indicated that the influential order of the four factors on the extraction yield of LU was ethanol concentration > ratio of solvent to material > microwave power > extraction time ( Table 2 ). The order is in agreement with the order based on the values of F in variance analysis (Table 3) . According to variance analysis, the contribution of ethanol concentration for the extraction yield of LU is significant (P < 0.05), whereas ratio of solvent to material, microwave power and extraction time are not significant factors. In the orthogonal test, the higher extraction yield (0.629 mg/g) in the fifteenth experiment provided evidence that the deduced extraction condition might be the optimum one. To reconfirm this deduced optimum condition, UAME under this condition was carried out, and the extraction yield of luteolin reached 0.632 mg/g. So, this deduced condition was rationally confirmed to be the best combination of different parameters.
Comparison of luteolin yields extracted from E. prostrata by UAME, HRE and RAE In Table 4 , the LU yields extracted from E. prostrata by UAME increased with the number of extraction cycles. The LU yields of one cycle, two cycles and three cycles were 0.632, 0.676, 0.690 mg/g, respectively. It was evident that most of LU was extracted from E. prostrata in one cycle by UAME. Based on these results, it should be weighed to ascertain whether further extraction after the first cycle is to be continued or not, because of the solvent consumption increasing with the extraction times. To evaluate the advantages of UAME, the comparison of LU yields extracted by UAME, HRE and RAE were carried out under the same solvent consumption (300 mL). After 9 min extraction (three extraction cycles), UAME could produce the similar extraction yield (0.690 mg/g) as HRE after 240 min (two extraction cycles) (0.676 mg/g) and RAE after 60 min (0.689 mg/g). The results showed that the extraction time of UAME were significantly shorter than that of HRE and RAE. From the above, it was evident that UAME is a more attractive extracting method when compared with HRE and RAE in terms of extraction yield, time consumption and labor intensiveness.
CONCLUSION
The extraction process of LU from E. prostrata by UAME was optimized using single factor test and orthogonal design. The optimal extraction condition of UAME was gained as follows: the ratio of 80% ethanol, hydrochloric acid and plant material: 50: 0.3: 1 (v/v/w), microwave power: 40 W and extraction time: 3 × 3 min. Moreover, ethanol content affected significantly on the extraction yield of LU (P < 0.05). The extraction yield of LU was 0.690 mg/g under the optimum conditions, compared with HRE and RAE in terms of extraction yield, time consumption and labor intensiveness, indicating that the UAME was more efficient than HRE and RAE. Conclusion UAME could markedly reduce extraction time, simplify the extraction process and gain higher LU yield from E. prostrata
